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(54) Radio telephone 

(57) A mobile telephone has a high frequency sys- 
tem clock (41 ) and a processor (61 ) arranged to process 
polling signals received while the telephone is in its 
standby condition. When polling signals are not being 
received, it is possible for the telephone to be placed in 
a sleep condition, by de-activating the system clock. Re- 
activation occurs in response to a calibrated number of 
clock cycles produced by a lower frequency sleep clock 



(65). Upon re-activation, system clock counters (43,44), 
specifying sub-frame periods and frame periods are re- 
loaded so that they may be re-activated at the required 
phase. The phase of these counters is compared with 
signals received from base stations and modifications 
are made to system counts as required. The extent to 
which modifications are required is also used to re-cal- 
ibrate the sleep clock. 
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Description 

The present invention relates to a radio telephone 
having a high frequency system clock and processing 
means. In particular, the present invention relates to a 5 
radio telephone in which said processing means is ar- 
ranged to process polling signals received during a pre- 
determined portion of a repeated periodic cycle. 

In digital mobile telephones, a highly accurate high 
frequency system clock produces a clock signal at a fre- 
quency in the tens of megahertz. During a communicat- 
ing mode of operation, the clocking signal is required 
continuously, so as to accurately align transmitted data 
and received data within a time and frequency multiplex 
established by an operating network. 

A problem with mobile telephones of this type is that 
the processing circuitry demands significant levels of 
battery power, therefore it is desirable to de-activate this 
circuitry when it is not actually required. In many situa- 
tions, de-activation periods may be assessed with ref- 
erence to a predetermined count of system clock pulses. 
However, given the high frequency of the system clock, 
this in itself represents a component which places sig- 
nificant demands upon the power supply and, prefera- 
bly, it would be desirable to de-activate the system clock 
when it is not actually required. Clearly, this creates a 
problem, given that, under normal circumstances, it 
would be the system clock itself which provided a meas- 
ure of de-activation periods. 

European Patent Publication No. 0 586 256 disclos- 
es a mobile telephone in which a relatively low quality, 
low frequency clock is provided in addition to the high 
frequency system clock. A system clock is used to de- 
termine the accuracy and stability of the low frequency 
clock, hence allowing said clock to be calibrated with 
reference to the system clock. It is then possible to de- 
activate the system clock for predetermined durations, 
during which said clock may be referred to as entering 
a "sleep mode". The duration is measured with refer- 
ence to the low frequency "sleep clock", whereafter the 
high frequency system clock is re-activated for the sub- 
sequent processing of data. 

Thus, in this way, it is possible for the system clock 
to be de-activated when the telephone is in its stand-by 
condition. The system clock is required to be re-activat- 
ed in anticipation of receiving polling signals, contained 
within a specific polling frame within each superframe. 
Thereafter, a sleep duration may be assessed and 
measured by counting pulses generated by the sleep 
clock. Thereafter, the system clock is re-activated in an- 
ticipation of receiving the next burst of polling signals. 

A problem with this known proposal is that further 
processing time must be used in order to calibrate the 
sleep clock. Furthermore, conditions may exist during 
which the sleep clock frequency varies to such an extent 
that it is not possible to enter sleep mode for a significant 
number of cycles. Thus, in order to maintain effective 
and active calibration of the sleep clock, it is necessary 



to perform substantially more additional processing so 
as to effect the calibration which in turn offsets savings 
made in terms of being able to enter sleep mode. 

According to a first aspect of the present invention, 
there is provided a mobile telephone having a high fre- 
quency system clock and processing means arranged 
to process polling signals received during a predeter- 
mined portion of a repeated periodic cycle, comprising 
first counting means for counting system clock pulses; 
a low frequency sleep clock; second counting means for 
counting sleep clock pulses; means for de-activating the 
system clock; means for re-activating said system clock 
after a calibrated number of sleep clock pulses; means 
for re-loading the first counting means; and calibration 
means for calibrating the calibrated number by compar- 
ing the re-set system clock count with base station tim- 
ing signals. 

First, the invention provides the advantage of giving 
accurate sleep clock calibration while minimising addi- 
tional requirements on processing time and hardware. 

In a preferred embodiment, the first counting means 
is re-set to specify a new sub-frame and frame count 
consistent with the re-activation time. 

Preferably, the system clock is de-activated after 
the completion of cycle processing. Thus, de-activation 
occurs at the optimum time, so as to maximise sleep 
durations. Preferably, system clock re-activation occurs 
at a predetermined position within each repeated peri- 
odic cycle. Thus, in the preferred embodiment, re-acti- 
vation points are generated independently of de-activa- 
tion points and it is not necessary for the system to cal- 
culate sleep durations. 

Comparisons with base station timing signals may 
be made at any appropriate rate. However, in a pre- 
ferred embodiment, the re-loaded system clock count is 
compared with base station timing signals on each cy- 
cle. Preferably, a calibrated number is also calibrated 
on each cycle so as to optimise system re-activation on 
each cycle. 

Figure 1 shows a digital mobile telephone arranged 
to communicate with base stations using a frame 
structure to facilitate time division multiplexing; 

Figure 2 illustrates a frame structure, consisting of 
thirty six repeated frames; 

Figure 3 shows the division of each of the frames 
illustrated in Figure 2 into transmission and recep- 
tion portions; 

Figure 4 shows a system clock along with counters 
for reducing the frequency of pulses generated by 
the clock; 

Figure 5 shows a timing diagram of polling bursts 
and activation periods; 
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Figure 6 shows the system clock and counters of 
Figure 4, in combination with the processor and 
sleep clock circuitry; and 

Figure 7 illustrates procedures executed in order to s 
facilitate operation of the sleep clock shown in Fig- 
ure 6. 

A mobile telephone is shown in Figure 1 , contained 
within a plastic housing 15, with an antenna 16 extend- 
ing from said housing to facilitate communication be- 
tween the mobile telephone and cellular base stations. 
The telephone includes an earpiece 18 and a micro- 
phone 1 9, along with manually operable keys 20 and a 
liquid crystal display 21. 

The telephone includes an on/off switch 22 such 
that, when not required, the telephone may be switched 
off so as to conserve battery power. A nickelcadmium 
battery pack is attachable to the rear of the telephone 
and the ability to conserve battery power will significant- 
ly affect the duration between battery recharging or bat- 
tery replacement. 

When switched on, by operation of switch 22, the 
telephone has essentially two modes of operation. In a 
first mode, the telephone is placed in a stand-by condi- 
tion. In this stand-by condition, the telephone is not us- 
able as such but remains active, so that it is receptive 
to polling signals transmitted by base stations. Further- 
more, it is also in a condition responsive to manual key 
operation. Thus, in its stand-by condition, the telephone 
is effectively waiting for a call to be established by the 
telephone user or by someone wishing to contact the 
telephone user. 

When a call is set up either by the telephone user 
or by someone calling the user, the telephone must en- 
ter its second mode of operation, under which commu- 
nication channels are established between the tele- 
phone and a cellular base station. The telephone com- 
municates with base stations using an encoded digital 
time-multiplex, in which an allocated transmission fre- 
quency band is divided, over time, into a plurality of 
channel frames. 

In its stand-by condition, it is not necessary for the 
mobile telephone to have channel bandwidth allocated 
thereto but, as previously stated, it is necessary for the 
telephone to receive polling signals from base stations, 
so that the telephone may be polled when a calling party 
attempts to establish a communication channel to the 
telephone. 

The actual division of communication links into 
channel frames and the subdivision of these frames into 
data symbols involves a number of parameters which 
are selectable for particular communication standards 
and, to some extent, adjustable within these standards. 
Thus, a telephone may be programmed to be adaptable, 
such that the fully defined mode of operation is deter- 
mined by a network, which in turn communicates with 
the mobile telephone so as to complete its programming 



for operation within that network. It should therefore be 
understood that many of the numerical values given in 
the following disclosure are only examples and that 
many modifications could be made while still falling with- 
in the scope of the present invention. 

An operational network will have a plurality of radio 
frequencies allocated thereto and the total number of 
frequencies will determine the total number of calls 
which may be simultaneously connected within each 
particular cell. In addition to providing actual communi- 
cation between mobile telephones and base stations, it 
is also necessary to transmit signalling commands, so 
as to facilitate the connection of calls and the switching 
of communications between base stations. The signal- 
ling instructions are also transmitted using the frame 
structure, therefore some frames will have a different 
character to that of others. It is necessary for the system, 
at any particular time, to be aware of the type of frame 
that is being transmitted, therefore the frame structure 
is repeated in a predictable way. Thus, each transmitted 
frame contains a fixed number of data symbols and a 
predetermined number of these frames constitute the 
total period of a repeated cycle. 

A group of repeated frames is referred to as a su- 
perframe, or multiframe, and a superframe structure for 
the present embodiment is shown in Figure 2. The su- 
perframe is transmitted over 720 milliseconds and in- 
cludes a total of thirty six frames 22. Frame 23, shown 
shaded in Figure 2, includes polling information which 
may be considered as a burst of information identifying 
unique numbers for particular mobile telephones, there- 
by identifying telephones which are being called and re- 
quire a call to be answered. Thus, when a mobile tele- 
phone is not actually communicating with a base station, 
a significant proportion of its operating circuitry may be 
de-activated so as to reduce power consumption. How- 
ever, it is essential that, within each superframe, the tel- 
ephone is capable of analysing information transmitted 
during each polling frame. 

A frame 22 is detailed in Figure 3 and consists of 
6720 sub-frame periods. The sub-frame period frequen- 
cy defines the output sample rate, therefore it is neces- 
sary for the output digital circuitry to produce an output 
value at the sub-frame period rate and, similarly, input 
signals are sampled at this rate. As shown in Figure 3, 
each frame includes a transmit portion 31 and a receive 
portion 32, separated by an idle portion 33. Thus, during 
the transmit portion 31 data is transmitted from the mo- 
bile telephone to a base station at the sub-frame rate 
while, similarly, during the receive portion, data is re- 
ceived by the mobile telephone at this rate. Thus, the 
whole system operates within an accurately synchro- 
nised environment in which the clocking of signals within 
each mobile telephone must be synchronised to clock- 
ing signals generated by base stations. 

The mobile telephone includes an accurate system 
clock arranged to produce clocking signals at 1 6.8 MHz. 
Internal circuitry within the mobile telephone, including 
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a digital signal processing circuit, receives these proc- 
essor clock signals directly and executes instructions in 
response to these signals. Timing signals, to identify the 
start of sub-frames, frames and super frames, are gen- 
erated by counting system- clock signals in a cascaded 5 
chain of counters or frequency dividers. Such a chain is 
, illustrated in Figure 4. 

An output trom a system clock 41 at 16.8 MHz is 
supplied to afirst frequency divider 42 arranged todivide 
the system clock's frequency by 50. Thus, the first coun- io 
ter 42 produces sub-frame clocks at 336 kHz, each iden- 
tifying the start of a sub-frame period, as identified in 
Figure 3. The output from counter 42 is also supplied to 
a second counter 43, arranged to divide the clock fre- 
quency by 6720. Referring to Figure 3, it can be seen 15 
that each frame is made up of 6720 sub-frame periods, 
therefore the output from counter 43 produces clocking 
signals at the frame rate of 50 Hz. Similarly, the output 
from counter 43 is supplied to a third counter 44, ar- 
ranged to divide the clocking frequency by 36, to pro- 20 
duce superframe clocks at 1.38 Hz. 

At any particular instance, the output from counters 
42, 43 and 44 identifies a particular sub-frame period, 
within a particular frame of a superframe. These values 
are also compared with reference signals received from 25 
base stations and, where appropriate, modifications are 
made to the counters so as to bring the operation of the 
mobile telephone accurately into phase with network 
clocks. Thus, during each superframe cycle, the mobile 
telephone may compare its internal clocking signals with 30 
network clocks, to ensure that the operation of the mo- 
bile telephone is accurately synchronised to the net- 
work. 

When placed in its stand-by condition, the system 
clock and much of the processing circuitry may be de- 35 
activated for substantial portions of each superframe, 
provided that circuitry is re-activated so as to be ready 
to receive polling information during the polling frames 
23. These polling bursts are illustrated diagrarhmatically 
in Figure 5. Each polling burst 51 represents a period 40 
during which the telephone must be active and capable 
of receiving and analysing information transmitted dur- 
ing the polling burst. At other times, during intervals 52, 
it is not necessary for the telephone to communicate 
with base stations, given that no polling information is 45 
being transmitted. However, the telephone may be re- 
quired to perform other processing operations, therefore 
it will be necessary for the telephone to remain active 
for a short period after the transmission of the polling 
burst. Similarly, the operation of the telephone must so 
have stabilised prior to the polling burst being transmit- 
ted, therefore it is necessary for the system clock to be 
activated slightly before the polling burst is transmitted. 

Periods during which a telephone must be placed 
in an active condition are illustrated as active periods ss 
53. Each active period 53 starts at a predetermined in- 
terval before a polling burst 51 is transmitted. The tele- 
phone remains active throughout the transmission of the 



polling burst 51 and may then de-activate after process- 
ing has been completed. Thus, between each active 
pulse 53 a duration is provided, identified as sleep du- 
ration 54, during which the system clock may be de-ac- 
tivated, effectively placing the telephone into a sleep 
condition. 

It can be appreciated from Figure 5 that the duration 
of the active intervals is variable, given that the degree 
of processing required by the telephone will also vary 
horn cycle to cycle. In order for the system clock to be 
de-activated, a lower frequency sleep clock is included, 
which, may be calibrated with reference to the system 
clock. In previous systems, a routine is included that cal- 
culates the duration of the subsequent sleep period 54 
during each active period 53. A system clock may then 
be de-activated and the system placed in its sleep con- 
dition for the appropriate duration 54, as measured by 
the low frequency sleep clock. 

In the present embodiment an improved approach 
is provided to placing the system clock into its sleep con- 
dition. As previously stated, the sleep durations 54 are 
variable and the optimum point at which the system 
clock may be pfaced in its sleep mode will vary relative 
to the cycle phase. However, in the present embodi- 
ment, exploitation is made of the fact that the point at 
which re-activation is required does not need to vary 
with reference to the cycle phase. Thus, the duration of 
active pulses 53 is variable because the point at which 
de-activation occurs varies with reference to the cycle 
phase. However, it can be noted by comparing activa- 
tion periods 53 with polling burst 51, that the optimum 
re-activation point does not vary with reference to the 
cycle phase. Thus, in preference to calculating variable 
sleep durations for each sleep cycle, an activation peri- 
odicity 55 is calculated. 

The sleep clock is calibrated with reference to the 
cycle clock, preferably on each cycle. Thus, the sleep 
clock is now arranged to calculate durations represent- 
ing the periods between re-activation points. Circuitry is 
included which counts a predetermined number of sleep 
clock pulses during each cycle, so as to produce a re- 
activation pulse at the required point. Thus, the proces- 
sor is arranged to effect a de-activating routine after 
completing the processing required for that particular 
cycle. In this way, de-activation occurs at the optimum 
point, after cycle processing, and it is not necessary to 
calculate a sleep duration. Re-activation then occurs at 
the predetermined position within the repeated cycle in 
anticipation of receiving polling signals. Thus, re-activa- 
tion occurs prior to the polling burst being transmitted, 
allowing the circuitry to power up and stabilise. 

The system clock 41 and its associated counters 
42, 43 and 44 are also shown in Figure 6. These devices 
communicate with a digital signal processor 61, which 
in turn receives external timing signals from base sta- 
tions via an input line 62. The processor 61, the sleep 
clock 41 and associated counters may be placed into a 
sleep mode, during which the system clock 41 ceases 
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to operate until re-activated by an interrupt signal sup- 
plied on a line 63 to the processor 61 from an adjustable 
counter 64. The adjustable counter in turn receives 
sleep clock pulses from a low frequency sleep clock 65, 
operating at approximately 32 kHz. 

A system clock clocks processor 61 via a clocking 
line 66. Counter 42 counts clock pulses from the system 
clock 41 to generate indications of the start of a sub- 
frame period, that are supplied to the processor 61 over 
a data line 67. These reduced frequency clocking pulses 
are also supplied to counter 43, which in turn supplies 
indications of the start of frame periods to the processor 
61 over line 68. Similarly, counter 44 receives an output 
from counter 43, as previously described, resulting in 
indications of the start of superf rame periods being sup- 
plied to the processor 61 over a line 69. 

If so required, the processor 61 may keep a count 
of superframe periods but it should be appreciated that 
superframes represent the totality of a repeated cycle 
and each superframe contains a polling burst. 

In addition to receiving signals from counters 42, 43 
and 44 over line 67, 68 and 69 respectively, the proces- 
sor 61 is also arranged to supply new count values to 
said counters over lines 70, 71 and 72 respectively. 
Thus, after the system clock 41 has been placed in its 
sleep mode, the system phase may be restored by 
downloading new count values to the counters, where- 
afterthey may be re-activated so as to continue counting 
signals generated by the system clock 41 . 

The processor 61 also includes routines for check- 
ing that the counters 42, 43 and 44 are in phase with 
signals received from base stations, via line 62. Thus, 
the processor 61 may compare its local system phase 
with the network system phase and, where appropriate, 
modify count values, via data line 70, 71 or 72, so as to 
bring the count values into phase with the overall net- 
work. Thus, the processor 61 is capable of establishing 
the extent to which its own local system clock count may 
have drifted from the normal operating phase of the net- 
work. 

The sleep clock 55 generates sleep clock pulses 
that are in turn counted by the variable counter 64. The 
variable counter is controlled by the processor 61 , which 
supplies a count value over line 73. The variable counter 
64 is arranged to produce activation pulses at the acti- 
vation periodicity 55, shown in Figure 5, by reducing the 
pulse frequency of the sleep clock. Thus, after counting 
a number of sleep pulses defined by the value supplied 
over line 73, the counter 64 generates a re-activation 
pulse over interrupt line 63, which in turn instructs the 
processor 61 to re-activate the system if said system 
has been placed in its sleep mode. 

Operation of the system shown in Figure 6 will be 
described with reference to the procedure detailed in 
Figure 7. Step 81 represents the processor 61 and sys- 
tem clock 41 in sleep mode, during which the system 
clock41 is inactive. Thus, the processor 61 is effectively 
waiting for an activation pulse which, when received via 



line 63, activates the system clock 41 . 

At step 83, after activation of the system clock, a 
short interval is provided, during which circuitry is al- 
lowed to power up and stabilise, such that normal 

s processing may be resumed. 

Prior to the resumption of normal processing, cre- 
ating conditions such as to re-establish operation of the 
processor 61 and system clock 41 as if they had not 
been placed in sleep mode, the counters 42, 43 and 44 

to are re-loaded with new values, via data lines 70, 71 and 
72 respectively. Thus, the processor 61 and system 
clock 41 are placed in sleep mode until the re-activation 
point The period between re-activation points is speci- 
fied in terms of a calibrated number of sleep clock puls- 
us es. Similarly, at the re-activation position, the system 
counters 42, 43 and 44 should have attained a specified 
number of system clock counts. Thus, when re-activa- 
tion occurs, as determined by the sleep clock 65 and 
counter 64, the values which the counters 42, 43 and 

20 44 would have attained, had the system not been placed 
into its sleep condition, are effectively re-loaded, such 
that the said counters may then continue to count as if 
the sleep condition had not occurred. 

Thus, after the counters 42, 43 and 44 have been 

25 loaded with new values they are enabled at the appro- 
priate point so as to bring them into phase with the op- 
erating environment. 

At step 66 the phase of the system counters 42, 43 
and 44 is compared with external timing signals re- 

30 ceived over line 62. If necessary, modifications are 
made to the values stored in counters 42, 43 and 44 
which, under normal operating conditions, would gener- 
ally result in minor modifications being made to the sub- 
frame count of counter 43; it generally not being neces- 

35 sary to correct counter 42. 

The duration of a sleep clock pulse will not tend to 
represent an integer number of system clock pulses. 
Thus, the re-activation points will tend to drift, with ref- 
erence to the optimum point defined in terms of system 

40 clock pulses, therefore re-calibration is required on a 
continual basis. Consequently, on each cycle, a re-cal- 
ibration procedure is effected by making reference to the 
extent to which the system counters 42, 43 and 44 and 
in particular counter 43, are out of phase with the exter- 

45 nal timing signals received over line 62. Thus, in re- 
sponse to this calibration, it may be determined that the 
sleep clock has effectively slowed down, in which case 
fewer counts are required by counter 64 in order to re- 
activate the system clock at the optimum point. Alterna- 

50 tively, the sleep clock may be perceived as having 
speeded up slightly, in which case fewer counts are re- 
quired. 

Even while sleep clock 65 remains oscillating at 
constant frequency, the activation point will tend to drift, 
55 therefore occasionally a cycle is required in which fewer 
counts are made by counter 64 or more counts are made 
by counter 64. Thereafter, the count is re-adjusted on 
the next cycle and the process continues. Thus, the ac- 
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3. A telephone according to claim 1 or claim 2, wherein 
polling signals are received during a predetermined 
frame of a superframe multiplex. 

5 4. A telephone according to claim 3, wherein each su- 
perframe includes between ten and fifty frame pe- 
riods. 

5. A telephone according to any of claims 1 to 4, 
io wherein de-activation occurs when the telephone is 

in its standby mode. 

6. A telephone according to any of claims 1 to 5, 
wherein the first counting means reduces the sys- 

75 tern clock frequency to specify the start of the sub- 
frame, frame and superframe periods. 

7. A telephone according to claim 6, wherein the first 
counting means is re-loaded to specify a new sub- 

20 frame and frame count consistent with the re-acti- 
vation time. 

8. A telephone according to any of claims 1 to 7, 
wherein the sleep clock frequency is substantially 

25 lower than the system clock frequency. 

9. A telephone according to any of claims 1 to 8, 
wherein the system clock is de-activated after the 
completion of cycle processing. 

30 

10. A telephone according to claim 9, wherein system 
clock re -activation occurs at a predetermined posi- 
tion within each repeated periodic cycle. 



tivatipn point, as determined by counter 64, may drift 
slightly with reference to the optimum point defined in 
terms of system clock pulses but, on each cycle, it will 
be modified such that the activation point, defined by the 
sleep clock, does not drift beyond an extent to which it 
is possible for the processor 61 to recover the situation, 
with reference to signals received externally. 

Thus, after step 87, whereupon the sleep clock is 
calibrated and a new count number supplied to counter 
64, other processing steps required within the cycle are 
concluded and at step 89 a question is asked as to 
whether sleep mode is be maintained. 

The conclusion of other processing at step 88 in- 
volves examining data received in the polling burst and 
this data may represent a call to the mobile telephone, 
requesting the establishment of a connection to a base 
station. Under these conditions, the question asked at 
step 89 is answered in the negative and the active mode 
is entered at step 90, under which the system clock 41 
is maintained operative and measures are undertaken 
to establish a call. 

Alternatively, if the telephone is not required to es- 
tablish a call to a base station, resulting in the question 
asked at step 89 being answered in the affirmative, con^ 
trol is directed to step 91 , whereupon the system clock 
is de-activated and the system returned to its sleep 
mode. 

Thus, it can appreciated from the above, that the 
system provides continual re-calibration of the sleep 
clock, thereby ensuring that sleep durations are opti- 
mised and that the processor 61 is always re-activated 
in anticipation of polling bursts. 

Claims i 

1. A mobile telephone having a high frequency system 
clock and processing means arranged to process 
polling signals received during a predetermined 
portion of a repeated periodic cycle, comprising 



35 11. A telephone according to any of claims 1 to 10, 
wherein the re-loaded system clock count is com- 
pared with base station timing signals on each cy- 
cle. 

40 12. A telephone according to claim 1 1 , wherein the cal- 
ibrated number is calibrated on each cycle so as to 
optimise system re-activation on each cycle. 



first counting means for counting system clock 
pulses; 

a low frequency sleep clock; 

second counting means for counting sleep 4 5 

clock pulses; 

means for re-activating the system clock; 
means for re-activating said system clock after 
a calibrated number of sleep clock pulses; 
means for re-loading the first counting means; 50 
and 

calibration means for calibrating the calibrated 
number by comparing the re-set system clock 
count with base station timing signals. 

55 

2. A mobile telephone according to claim 1, wherein 
the system clock oscillates at a frequency of be- 
tween 5 MHz and 20 MHz. 
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